Undergraduate students (n = 46) completed four lab assignments (two "jigsaw group" assignments and two more traditional individual statistics lab assignments), followed by quizzes and evaluations of their assignments, instructor, and classmates, in a study designed to confirm and extend previous findings of positive effects of the jigsaw procedure in a psychological statistics course. Findings of the study (a) showed expected quiz performance improvement following jigsaw assignments, (b) provided preliminary support for Aronson's and colleagues' position that the success of the jigsaw classroom is due in part to decreased perceptions of unfairness, and (c) further established the ecological validity of fair process effects in a setting not previously investigated-the jigsaw classroom. Moreover, our findings suggest that the jigsaw procedure is well-suited for supplementing psychological statistics lectures.
Introduction
Several studies concerned with effective strategies for teaching psychology have documented the special challenges associated with teaching statistics. Conners, Mccown, and Roskos-Ewoldsen (1998, pp. 40-41) pointed out that statistics is harder to relate to, evokes considerably higher levels of anxiety and apprehension, is less likely to be retained, and is less easily applied than many other psychology courses. Despite these difficulties, mastery of statistics is a requisite for success in the discipline of psychology. Not only is statistics an integral part of the language and science of psychology, but also it helps form the foundation of the scientific approach taken by psychologists (Abrami, Cholmsky, & Gordon, 2001; Kerlinger & Lee, 2000) . Therefore, it is essential that professors implement innovative teaching strategies to increase undergraduate psychology majors' likelihood of and commitment to mastering statistics, as well as to facilitate their retention and application of this subject.
The "jigsaw classroom" (Aronson, 1990 (Aronson, , 2002 Aronson, Blaney, Sikes, Stephan, & Snapp, 1975; Aronson & Bridgeman, 1979 ) is one such innovative strategy. It incorporates in its pedagogical approach insights from seminal social psychological studies of social facilitation, social loafing, cooperation, and competition (Cottrell, Wack, Sekerak, & Rittle, 1968; Darley & Latané , 1968; Deutsch, 1949; Latané , Williams, & Harkins, 1979; Sherif, Harvey, White, Hood, & Sherif, 1961; Zajonc, 1965) . The jigsaw procedure emphasizes collaboration and cooperation, without diminishing the importance of each individual's role or restricting autonomy (Aronson, 2002) . For example, in one study, students worked in small groups and were given unique roles as follows:
We placed students in six-person, multi-ethnic learning groups, divided the lesson into six parts, and asked each student to learn his or her segment and recite it to other members of the group. We made certain that the only access each student had to the five segments other than his or her own was through listening to the recitations of the groupmates. We then administered a test to the students on the entire lesson (Aronson, 1990, pp. 120-121) .
The effects of procedural fairness on subsequent judgments about outcomes, procedures, authorities, institutions, and practices are labeled "fair process effects" (Folger, Rosenfield, Grove, & Corkran, 1979; Hildreth, Moore, & Blader, 2014; van den Bos, 1999; van den Bos, Bruins, Wilke, & Dronkert, 1999; van den Bos, Lind, Vermunt, & Wilke, 1997) . Procedural fairness has been conceptualized as reflecting concerns about both the utility of a procedure for achieving one's desired outcomes ("instrumental" concerns), and one's relationships and relative status within groups ("relational" concerns). Indeed, Thibaut's and Walker's (Thibaut & Walker, 1975 , 1978 instrumental model posits that procedural fairness judgments depend on the extent to which procedures maximize individuals' control over outcome allocations. Numerous studies in this tradition (e.g., Houlden, LaTour, Walker, & Thibaut, 1974; LaTour, 1978; Walker, LaTour, Lind, & Thibaut, 1974) have demonstrated the dependence of procedural fairness judgments on the extent to which procedures (a) take effort into account, and (b) allow individuals opportunities to present their views (labeled "voice") . Within this instrumental model, fair process effects result because self-interest motivates individuals to maximize their outcomes.
In contrast, Lind's and Tyler's (Lind & Tyler, 1988; Tyler & Lind, 1992) group value theory emphasizes relational concerns, maintaining that fair process effects result because people derive important information about their status within a group from the degree to which they are treated fairly by authorities. Studies in this tradition (e.g., Heuer, Penrod, Hafer, & Cohn, 2002; Tyler, 1989; Tyler, Degoey, & Smith, 1996; 2002) also highlight the importance of voice as a determinant of procedural fairness judgments. Here, however, high-voice procedures are valued not simply because they increase individuals' control over their outcomes. Rather, high-voice procedures also are assumed to convey more positive messages about individuals' social standing than low-voice procedures and are perceived, consequently, as more satisfactory. Unfair experiences lead to decreased levels of group commitment, less willingness to participate in group activities, and diminished cooperation with and contributions to groups (Tyler, 1994; Tyler & Degoey, 1995; Tyler, Degoey, & Smith, 1996) .
Taken together, the findings of the procedural fairness literature would suggest that increases in students' fairness perceptions of instructional procedures lead to (a) increased satisfaction with instructional procedures and with grades; (b) more positive attributions about students' relationships with instructors and classmates and their relative status in the class; (c) increased commitment to learning, active participation, contributions, and cooperation in class; and, consequently, (d) increased class performance.
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student evaluations and mastery of concepts covered in jigsaw exercises. For example, Perkins and Saris (2001, p. 112) found in an undergraduate statistics course that more than 50% of the students gave very positive evaluations of a jigsaw procedure when rating its usefulness for "getting help," "giving help," "working with classmates," "providing an alternative to lecture," "saving time," and "understanding the statistical procedure." Teaching evaluations were significantly more positive during a year when the jigsaw was used than a prior year when it was not used (p < .001). Also, students' overall scores on tests assessing material covered in the jigsaw procedure improved significantly from pre-to post-jigsaw (p < .05). Aronson and Bridgeman (1979, pp. 439-443) identified several factors as responsible for the success of the jigsaw procedure in improving student performance; these included positive changes in students' participation, empathy, interdependence, equal status contact, and attributions. Subsequent studies (e.g., Desforges et al., 1991; Dovidio, Gaertner, & Validzic, 1998; Eilks, 2005; Hä nze & Berger, 2007; Meyers, 1998; Walker & Crogan, 1998) have examined different combinations of these factors in both experimental and field settings and support Aronson's and Bridgeman's theorizing concerning the procedure's impact on student outcomes. These studies have shown that, relative to assignments requiring students to work individually, the jigsaw procedure provides students more opportunities for equal status contact with other student colleagues in solving problems that require interdependence and amplifies the importance of group members' independent contributions. Aronson and Bridgeman (1979, p. 439 ) also discussed the potentially harmful effects of perceived unfairness in the classroom, arguing that perceived unfairness may lead students to believe that instructors regard some students as lower in status than others, which in turn can disrupt cooperation and performance. This important observation has received little attention, however, in subsequent jigsaw studies. A notable exception is Carroll (1986) , which assessed students' fairness perceptions, intellectual motivation, and knowledge gained in an undergraduate psychology laboratory course that utilized the jigsaw procedure. In that study, the procedure led to high mean ratings of fairness of the grading system, as expected (mean fairness was 4.04 out of 5, across three years). Also as predicted, participants assigned high ratings to knowledge gained from and degree of intellectual motivation in the course (mean ratings were 4.19 and 4.41 out of 5, respectively, across three years). However, this study neither included an alternative instructional procedure for comparison to the jigsaw nor examined relationships among fairness ratings and other ratings. Inclusion of a comparison condition would have provided valuable information about the extent to which the jigsaw procedure is perceived as fairer, and more satisfying, than other procedures. Examination of relationships among fairness and other ratings would have revealed the importance of fairness, relative to other factors known to result from using the jigsaw.
Overview of Study and Summary of Hypotheses
In the present study, students in an undergraduate research methods and statistics course completed two lab assignments as part of jigsaw groups and two more traditional lab assignments that required students to work individually. Both the jigsaw group assignments and the more traditional individual statistics lab assignments were designed to provide students with opportunities to use in novel ways complex concepts previously covered in lectures to solve realistic statistics problems. Although the sample size was small, this investigation provides valuable insight into the impact of unfairness in the process through which the jigsaw strategy facilitates retention, application, and mastery of psychological statistics, and its findings were robust and, in most cases, significant.
Previous jigsaw classroom studies have shown that, relative to traditional assignments, jigsaw group assignments provide students with more opportunities for equal status contact with fellow students in solving problems that require interdependence and highlight independent contributions. On the basis of this research, we predicted the following main effects: relative to more traditional individual statistics lab assignments, jigsaw group assignments should be considered fairer (Hypothesis 1a) and more satisfying (Hypothesis 1b).
Grades on the "traditional" assignments our students completed were determined solely by their individual effort in completing the assignment, whereas grades on the jigsaw group assignments were determined by students' levels of individual effort, as well as the collective effort of their respective jigsaw groups. Consequently, on the basis of procedural fairness research, we reasoned that procedural fairness ratings for the traditional assignments would reflect instrumental concerns, while procedural fairness ratings of the jigsaw group assignments would reflect both instrumental and relational concerns. We assumed that another difference between the two types of assignments was the jigsaw group assignments afforded students with increased opportunities to present their views and have them considered in determining the best solution to a problem (i.e., voice), whereas the traditional assignments did not. Many previous procedural fairness studies have shown that high-voice procedures, relative to low-voice procedures, are perceived to be fairer and convey more positive relational information. Combining these insights, we hypothesized there should be no relationship between relational ratings and procedural fairness ratings of the traditional assignments (Hypothesis 2a) and the relationship between relational ratings and procedural fairness ratings of the jigsaw assignments should be significant and should be mediated by perceived voice (Hypothesis 2b).
Previous jigsaw classroom and procedural fairness studies suggest that students' fairness and satisfaction ratings for the jigsaw assignments should be positively related. Therefore, we hypothesize procedural fairness and satisfaction judgments for the jigsaw assignment should be positively correlated (Hypothesis 3a). The jigsaw classroom and procedural fairness literatures both would suggest this is the case, because perceived fairness of the jigsaw procedure communicates to students that they are valued members of a group (their jigsaw group), which is psychologically rewarding. Specifically, it is predicted that as perceptions of the jigsaw procedure's fairness increase, students' feelings about their jigsaw group members (e.g., liking for, trust for, and perceived consensus among group members) will increase, leading in turn to higher satisfaction ratings. Hence, procedural fairness and satisfaction judgments for the jigsaw assignment should be mediated by group identification (Hypothesis 3b).
The procedural fairness literature would suggest a similar positive correlation between procedural fairness and satisfaction ratings for the traditional procedure. Therefore, procedural fairness and satisfaction judgments for the traditional assignment should be positively correlated (Hypothesis 3c). However, given that students' outcomes in the traditional assignment were determined solely on the basis of individual effort, we reasoned that fairness judgments would derive from students' self-interest concerns about success in the class, and consequently would be linked to satisfaction ratings as a consequence of instrumental concerns alone.
Finally, given the emphasis within group value theory on voice and group identification-the two primary features assumed to distinguish the jigsaw procedure from the traditional procedure-as determinants of group commitment (e.g., Tyler, Degoey, & Smith, 1996) , we hypothesized reactions to the jigsaw procedure should be more important predictors of commitment to the class than reactions to the traditional procedure (Hypothesis 4).
Method

Participants
Participants were 46 students enrolled in an undergraduate psychology research methods and statistics course at a research university located on the East Coast. At midterm and at the end of the semester, students anonymously completed standard teaching evaluation forms and questionnaires to provide the instructor feedback on their perceptions of the effectiveness of their lab assignments. The instructor informed the students that responding was completely voluntary, and students received neither class credit nor payment for participation. Of the 46 students in the class, 28 returned the midterm questionnaire evaluation of their lab assignments, but only 13 completed and returned the semester-end questionnaire in its entirety. Given the low response rate for the semester-end questionnaire evaluation, we focus our discussion of results on the midterm questionnaire evaluation.
Procedure
First, students were given two weeks of class instruction (three 90-minute lectures and one two-hour problem-solving lab) on the chi-square contingency test. During the following class period, students were administered a one-hour quiz (labeled Pre-Jigsaw 1 quiz) covering the material presented to them in lecture and lab.
During the following week's problem-solving lab, students completed a group assignment (labeled Jigsaw 1), which required them to apply their knowledge of the concepts on which they were tested in the Pre-Jigsaw 1 quiz. For this group assignment, students were randomly assigned to work in one of six jigsaw groups, each of which consisted of four or five members. Once in their jigsaw groups, students were given booklets (described in detail below) containing their lab assignment and instructions for completing the assignment, and then randomly assigned one of four subtasks on which they were expected to develop expertise. (We hence refer to each group member's assigned subtask as his/ her "expert role." 1 ) Each of the six jigsaw groups was presented with a different research problem, focusing on the relationship between a pair of variables.
After reviewing the instructions with the lab instructor, students worked individually on their expert role subtasks for approximately 30 minutes. Students from different groups who had been assigned the same expert role then met to formulate solutions to their expert role subtasks for approximately 30 minutes. Next, students returned to their assigned jigsaw groups and were given 30 minutes to present to the group their solutions to their expert role subtasks. Finally, students individually completed a written report of their jigsaw groups' findings for homework. During the following week, the students submitted their written reports and were administered another one-hour quiz (labeled Post-Jigsaw 1 quiz), which included material covered in the jigsaw lab assignment. Students were not allowed to collaborate during the quiz.
During the problem-solving lab following the Post-Jigsaw 1 quiz, students completed a more traditional lab assignment (labeled Traditional Exercise 1), which required them to apply their knowledge of the concepts on which they were tested in the Pre-Jigsaw 1 quiz and had to be completed individually. For the traditional lab assignment, students were given a description of a research problem focusing on the relationship between a pair of variables, a computer-generated spreadsheet of data that corresponded to the research problem, a brief tutorial on the Chart Wizard and Data Analysis functions in Microsoft Excel, and four subtasks similar to the subtasks involved in the jigsaw group lab assignment. Here, however, students were instructed not to collaborate with other students while completing these subtasks. Again, students completed a written report of their findings for homework due the following week of class. Also, during the following week's quiz, concepts covered in this traditional lab assignment were tested. At the midterm, students completed a questionnaire to evaluate the jigsaw group assignment and the traditional assignment.
The process described above was repeated in the second half of the semester, during which students (a) were randomly assigned to a new jigsaw group, were randomly assigned new expert roles, and completed a second jigsaw group lab assignment involving t tests and linear regression (Jigsaw 2); and (b) individually completed a second traditional lab assignment involving t tests and linear regression (Traditional Exercise 2). Finally, at the end of the semester, students completed another questionnaire to evaluate the second jigsaw group assignment and the second traditional assignment.
Materials
Jigsaw 1
For the first jigsaw group lab assignment, students were given a booklet that contained the following items: (a) general instructions, (b) an abstract, (c) a description of their expert role subtasks, (d) a spreadsheet of data simulated for the purposes of the assignment, and (e) output generated by SPSS from a chi-square analysis of the simulated data. The general instructions included a detailed description of how jigsaw groups work and of the required written summary of each group's findings.
Each jigsaw group was given one of six abstracts. Each abstract described a study of one of six social psychological phenomena (compliance, prejudice, stereotyping, intrinsic motivation, loneliness, or belief in a just world), specified operational definitions of the variables under study, and identified the hypotheses being tested. All abstracts were modified versions of abstracts taken from actual social psychological studies (e.g., Lepper, Greene, & Nisbett, 1973) , and students were given complete citations for the studies on which their respective assigned abstracts were based.
All students were given descriptions of their expert role assignments. Students who were assigned Expert Role 1 were instructed to identify "the research question, variables of interest, and hypotheses to be tested" in the abstract provided. Students who were assigned Expert Role 2 were instructed to "compute the appropriate descriptive statistics" using the provided simulated data. Students who were assigned Expert Role 3 were instructed to "compute the appropriate inferential statistics" using the provided simulated data. Students who were assigned Expert Role 4 were instructed to "summarize and interpret results" in the provided SPSS chi-square analysis output.
Traditional Exercise 1
For the first traditional lab assignment, students were informed they had to complete the assignment by themselves and were given the following instructions: download a dataset from the course website; construct the observed frequency distribution for the dataset using Microsoft Excel (Subtask 1); create a graph of the observed frequency distribution using the Chart Wizard function of Microsoft Excel (Subtask 2); run the appropriate statistical test using the Data Analysis function of Microsoft Excel (Subtask 3); summarize and interpret obtained results (Subtask 4); and submit a brief written summary of the obtained results.
Jigsaw 2
For the second jigsaw group lab assignment, again, each jigsaw group was given a booklet containing (a) general instructions, (b) an abstract, (c) a description of their individual expert role assignments, and (d) a spreadsheet of data simulated for the purposes of the assignment. The general instructions for this jigsaw exercise were abbreviated versions of the general instructions for Jigsaw 1; the explanation of how jigsaw groups work was omitted. The general instructions specified a research problem that was to be examined by the jigsaw group and directed each group to provide a written summary of its findings.
Rather than providing students with modified abstracts from actual psychological studies, for the second jigsaw we generated four brief summaries of fictitious studies concerning the following topics: (a) the relationship between obesity and cholesterol, (b) the relationship between smoking and cholesterol, (c) the relationship between alcohol consumption and cognitive impairment, and (d) the relationship between chronic fatigue and cognitive impairment. Expert role assignments were as follows: Expert Role 1 students were instructed to conduct a chi-square contingency test; Expert Role 2 students were instructed to conduct an independent-samples t test; Expert Role 3 students were instructed to conduct a correlated-samples t test; Expert Role 4 students were instructed to carry out a linear regression analysis.
Traditional Exercise 2
For the second traditional lab assignment, students were informed they had to complete the assignment by themselves and were given the following instructions: download a dataset from the course website; compute summary statistics (mean, standard deviation, and variance) (Subtask 1); run a t test using Microsoft Excel's Data Analysis function (Subtask 2); conduct a linear regression analysis using Microsoft Excel's Data Analysis function (Subtask 3); summarize and interpret obtained results (Subtask 4); and submit a brief written summary of the obtained results.
Dependent Measures
Satisfaction With the Jigsaw Procedure
Following Perkins and Saris (2001) , students were asked the following five questions: (a) "Was the jigsaw exercise useful for getting help;" (b) "Was the jigsaw exercise useful for giving help;" (c) "Was the jigsaw exercise useful for working with classmates;" (d) "Was the jigsaw exercise useful for providing an alternative to lecture;" and (e) "Was the jigsaw exercise useful for understanding the statistical procedure." Students were asked to indicate their responses on 11-point scales, with response options ranging from 0 (not at all useful) to 10 (very useful). Responses to the five items were averaged and the internal reliability (α) of the scale was .84.
Satisfaction With the Traditional Procedure
Students were asked the following four questions: (a) "Was the Microsoft Excel exercise useful for getting help;" (b) "Was the Microsoft Excel exercise useful for working with classmates;" (c) "Was the Microsoft Excel exercise useful for providing an alternative to lecture;" and (d) "Was the Microsoft Excel exercise useful for understanding the statistical procedure." Again, students indicated their responses on 11-point scales, with response options ranging from 0 (not at all useful) to 10 (very useful). Responses to the four items were averaged and the scale's internal reliability (α) was .74.
Group Identification
Students responded to the following seven items adapted from the Hinkle, Taylor, Fox-Cardamone, and Crook (1989) Group Identity Scale: (a) "I do not consider my jigsaw group to be important;" (b) "I identify with my jigsaw group;" (c) "I perceived a great deal of consensus among my fellow jigsaw group members on the choices that were made;" (d) "My jigsaw group was cohesive;" (e) "I liked my jigsaw group members;" (f) "I trust the other members of my jigsaw group;" and (g) "I was not able to tell if there was any agreement among my jigsaw group about how best to complete the task." Students were asked to indicate on 11-point scales the extent to which they agreed with each statement, with response options ranging from 0 (strongly disagree) to 10 (strongly agree). Responses to items (a) and (g) were reverse-coded and then averaged with the remaining five items, and the scale's internal reliability (α) was .89.
Perceived Procedural Fairness
Students responded to one question about their perception of the fairness of the jigsaw procedure and one question about the fairness of the traditional procedure. Specifically, students were asked the following: (a) "To what extent was the jigsaw group exercise conducted fairly;" and (b) "To what extent was the Microsoft Excel exercise conducted fairly." Students indicated responses on 11-point scales, with response options ranging from 0 (very unfair) to 10 (very fair).
Perceived Voice
Two items measured the extent to which students believed that the jigsaw procedure provided them with increased voice. The items were as follows: (a) "I had a lot of opportunity to present my views about how my jigsaw group's problem should be solved;" and (b) "My views were considered and taken into account." Responses were indicated on 11-point scales, with response options ranging from 0 (strongly disagree) to 10 (strongly agree). Responses to the two items were averaged, and the scale's internal reliability (α) was .84.
Perceived Value
Students responded to two items that measured the extent to which they perceived that they and other students were valued by the instructor: (a) "To what extent do you feel your needs are being taken into account;" and (b) "To what extent do you feel that the instructor values students." Students indicated level of agreement with each item on 11-point scales with response options ranging from 0 (strongly disagree) to 10 (strongly agree). Responses to the two items were averaged, and the scale's internal reliability (α) was .57.
Commitment
As measures of commitment, students responded to two items about the level of effort they anticipated putting forth in future jigsaw group assignments, in particular, and in the class, in general: (a) "How much future effort do you anticipate putting forth in similar group activities;" and (b) "How much future effort do you anticipate putting forth in the class." Responses to both items were indicated by students on 11-point scales with response options ranging from 0 (none at all) to 10 (a great deal). Responses to the two items were averaged, and the scale's internal reliability (α) was .91.
Results
Preliminary Analyses
We examined two sources of evidence of the jigsaw procedure's effectiveness, following similar past studies (e.g., Carroll, 1986) : students' evaluations of the jigsaw procedure and students' mastery of the statistical concepts that were covered in the jigsaw exercises. Consistent with earlier studies, students' evaluations of the jigsaw procedure were very positive in this study. Mean ratings of (a) satisfaction with the jigsaw, (b) perceived fairness of the jigsaw, and (c) commitment to the course were 7.58 (SE = .25), 8.31 (SE = .23), and 8.96 (SE = .24) out of 10, respectively. Further, more than 50% of the respondents (n = 26) gave mean ratings of 7.94 or higher for these measures.
Mastery measures obtained in this study also suggest the jigsaw procedure was effective. Scores on quiz questions covering concepts involved in the jigsaw improved significantly from pre-to post-jigsaw, t (22) = 1.80, p = .04 (one-tailed), d = .38 for Jigsaw 1, and t (18) = 2.01, p = .03 (one-tailed), d = .46 for Jigsaw 2. Students answered, on average, 68% (SE = .07) of the Pre-Jigsaw 1 chi-square questions correctly and 83% (SE = .05) of the Post-Jigsaw 1 chi-square questions correctly. Students answered 60% (SE = .09) of the Pre-Jigsaw 2 t-test and regression questions correctly and 83% (SE = .06) of the Post-Jigsaw 2 t-test and regression questions correctly. The magnitude of improvement observed here was similar to that observed in Perkins and Saris (2001) .
Differences in Reactions to the Jigsaw Procedure and the Traditional Procedure
We hypothesized that fairness and satisfaction ratings of the jigsaw procedure would be higher than fairness and satisfaction ratings of the traditional procedure (i.e., Hypotheses 1a and 1b, respectively). To test these hypotheses, we compared differences in students' fairness and satisfaction ratings of the jigsaw and traditional procedures. Hypothesis 1a was not confirmed; procedural fairness ratings were only slightly higher for the jigsaw procedure (M = 8.31, SE = .23) than for the traditional procedure (M = 8.25, SE = .33), t (25) = .19, p = .42 (one-tailed), d =. 04. Hypothesis 1b was supported; students were significantly more satisfied with the jigsaw procedure (M = 7.53, SE = .25) than with the traditional procedure (M = 6.95, SE = .36), t (23) = 1.86, p = .04 (one-tailed), d = .38.
Explaining Fairness
We predicted that relational judgments would not be related to procedural fairness judgments of the traditional procedure, but would be related to procedural fairness ratings of the jigsaw procedure. In order to test these hypotheses (2a and 2b, respectively), we examined the correlations between ratings of perceived value (evaluations of the extent to which the instructor valued students and took their needs into account) and procedural fairness for the traditional and for the jigsaw procedure. As expected, there was a significant positive correlation between perceived procedural fairness and perceived value for the jigsaw procedure, r (24) = .55, p = .002 (one-tailed), but not for the traditional procedure, r (26) = .21, p = .15 (one-tailed). We attribute this difference to the fact that the jigsaw procedure provides students with more of an opportunity for voice than the traditional procedure. Support for this interpretation of these results comes from similar findings in the group value theory literature and from the following mediational analysis: Following Baron and Kenny (1986) , we examined the extent to which (a) the independent variable (IV) (perceived value) and the hypothesized mediator (perceived voice) were significantly correlated; (b) the hypothesized mediator (perceived voice) and the dependent variable (DV) (perceived procedural fairness) were significantly correlated; and (c) the inclusion of the mediator (perceived voice) as an additional predictor in the regression of the DV (perceived procedural fairness) on the IV (perceived value) resulted in a decrease in the significance of the correlation between the IV and DV. We found that perceived value and perceived voice were significantly correlated, r (24) = .48, p = .01, as expected; perceived voice and perceived procedural fairness were significantly correlated, r (25) = .69, p < .001, as expected. Table 1 shows that the inclusion of perceived voice as an additional predictor in the regression of perceived procedural fairness on perceived value resulted in a decrease in the significance of the relationship between perceived value and perceived procedural fairness from p = .005 to p = .107, as expected. We further tested the proposed mediational effect of perceived voice using a percentile bootstrap estimation approach with 5000 samples with the PROCESS macro Version 3 (Hayes, 2017) . The results further supported the mediational effect of perceived voice, inasmuch as the indirect coefficient tested using the Hayes (2017) approach was statistically significant, B = .38, SE = .22, 95% CI [.06, .91]. Thus, it does appear that relational judgments are positively related to students' fairness perceptions for the jigsaw because the procedure provides an opportunity for voice.
Explaining Satisfaction
We hypothesized that students' fairness and satisfaction ratings would be positively correlated for both the jigsaw and traditional procedures (Hypotheses 3a and 3c, respectively). Further, we expected the relationship between perceived fairness and satisfaction for the jigsaw procedure to be mediated by group identification (Hypothesis 3b). This latter prediction is consistent both with previous jigsaw classroom research (e.g., Perkins and Saris, 2001 ) and previous research on group value theory (e.g., Tyler, Degoey, & Smith, 1996) . We tested the proposed mediational effect of group identification using both the Baron and Kenny (1986) approach and the Hayes (2017) percentile bootstrap estimation approach with 5000 samples using the PROCESS macro Version 3. As expected, we found that students' ratings of procedural fairness were positively correlated with their ratings of satisfaction for both the jigsaw, r (25) = .56, p = .001 (one-tailed), and the traditional procedure, r (25) = .65, p < .001 (one-tailed). Also, as expected, we found that perceived fairness of the jigsaw procedure and group identification were significantly correlated, r (23) = .45, p = .01; group identification and ratings of satisfaction with the jigsaw were significantly correlated, r (23) = .80, p < .001; and, as shown in Table 2 , the inclusion of group identification as an additional predictor in the regression of these satisfaction ratings on procedural fairness ratings resulted in a decrease in the significance of the relationship between satisfaction and procedural fairness from p = .009 to p = .154. The results further supported the mediational effect of group identification, inasmuch as the indirect coefficient tested using Hayes' approach (2017) Note. * p < 05. ** p < .01. *** p < .001
Explaining Commitment
Finally, we examined additive and moderating effects on commitment to the class of (a) perceived fairness of and satisfaction with the jigsaw procedure, (b) perceived fairness of and satisfaction with the traditional procedure, (c) perceived voice afforded by the jigsaw procedure, (d) perceptions of the extent to which the instructor valued students, and (e) identification with the jigsaw group. To pursue this interest, we used the backward elimination regression command in SPSS and added a group identification by perceived voice interaction term to the list of predictors. The group identification by perceived voice interaction term was created by multiplying group identification and perceived voice scores. To reduce multicollinearity, perceived voice and group identification scores were mean-centered prior to performing the multiplication. † p < .1, marginally significant. * p < 05. ** p < .01. *** p < .001 Table 3 shows that the most efficient explanatory model for commitment included the following predictors: perceived value ( = .34, p = .03), perceived voice ( = -.50, p = .002), group identification ( = 1.06, p < .001), perceived voice × group identification ( = -.47, p = .008), and perceived fairness of the traditional procedure ( = -.36, p = .008).
2 Consistent with group value theory, perceived value and group identification were positively correlated with commitment. However, the significant perceived voice by group identification interaction suggests that when perceived voice is high, group identity has a bigger effect on commitment than when perceived voice is low. This interpretation is supported by partial correlations of group identification and commitment, controlling for all the other significant predictors in the most explanatory model (i.e., perceived value, fairness of the traditional procedure and the perceived voice by group identification interaction). When perceived voice is high (as determined by a median split), group identification is significantly positively related to commitment, r (6) = .69, p = .03. However, when voice is low, group identification is not significantly related to commitment r (4) =.47, p = .17. Furthermore, when voice is high, group identification explains approximately 48% of the variance in commitment, after controlling for all the other significant predictors in the most explanatory model (r 2 = .48).
Contrary to the procedural fairness literature, perceived fairness of the traditional procedure and commitment were negatively related. One possible explanation for this derives from the fact that the traditional procedure allowed students to use statistical analysis software. Indeed, in class, students often expressed frustration after learning that a statistical test that required many tedious steps manually could be calculated easily using software. This suggests the importance of explaining to students the value of manual computations of statistical tests.
Discussion
The jigsaw procedure's effectiveness has been demonstrated in numerous previous jigsaw studies (e.g., Perkins & Saris, 2001) . We found evidence supportive of the jigsaw procedure's effectiveness (e.g., pre-/ post-jigsaw elevated performance on examinations for two different jigsaw group assignments involving complex statistical concepts; highly positive student evaluations of jigsaw assignments) as well. Our overarching interest here, however, was not in demonstrating that the jigsaw classroom works and leads to more positive evaluations of instructors (in general or in psychological statistics classes specifically). Rather, our objective was to extend and build on previous research by examining the jigsaw procedure's effect on students' fairness perceptions. To accomplish this objective, we examined the effect of a jigsaw group assignment, relative to a more traditional individual assignment (used as a comparison condition), on students' fairness ratings, satisfaction ratings, inferences about the extent to which the instructor valued them, and ratings of anticipated effort on future class assignments (commitment). Further, we examined the extent to which perceived voice and group identification mediated the relationships between perceptions of fairness, satisfaction, and the instructor.
Our jigsaw and traditional assignments were designed to afford students opportunities to apply statistical concepts previously discussed in class in new ways. However, the jigsaw assignments required students to work both independently and interdependently, whereas the traditional assignments only required students to work independently. Because the jigsaw and traditional assignments both provided students with opportunities to develop further their understanding of difficult concepts-to have practical experience applying concepts not otherwise available in lecture-it is not surprising that both were considered highly fair and satisfying. Previous jigsaw classroom research would suggest the jigsaw procedure should be considered fairer and more satisfying than the traditional procedure, and we found that the jigsaw was considered only slightly fairer than the traditional procedure (M = 8.31 vs. 8.25, respectively), but significantly more satisfying (M = 7.53 vs. 6.95, respectively).
Procedural fairness ratings were assumed to be determined differently in the traditional and jigsaw conditions. In the former, the primary influence was assumed to be instrumental concerns; in the latter, both instrumental and relational concerns resulting from the collective effort of group involvement were assumed. In addition, voice (the expression of one's views) was regarded as an important influence in the jigsaw condition. Combining these insights, we expected no relationship between relational and procedural fairness ratings of the traditional assignment, and we expected the relationship between relational and procedural fairness ratings of the jigsaw to be significant and to be mediated by perceived voice. And, indeed, this is what we found. This pattern of findings demonstrates that in addition to the known influences of the jigsaw, voice is an important intervening variable in the relationship between students' attributions about their instructor and fairness perceptions.
Tasks that are regarded as high in procedural fairness are also considered more satisfying (see, e.g., Brockner & Wiesenfeld, 1996) . Consequently, we expected a positive correlation between perceptions of procedural fairness and satisfaction for both the jigsaw and traditional assignments, but for different reasons. We posited satisfaction judgments in the traditional condition would be linked to fairness judgments solely because of students' concerns about success in the class, whereas in the jigsaw condition these judgments would result from students' concerns about success in the class as well, in addition to their relational concerns and sense of group identity. As expected, our findings show a positive association between procedural fairness and satisfaction judgments in both conditions, and that this association was mediated by group identification in the jigsaw condition. These findings are important for two reasons. First, they establish the ecological validity of fair process effects in a setting not previously investigated. Second, they extend previous jigsaw classroom research by providing preliminary empirical support for Aronson's and colleagues' position that the success of the jigsaw is due in part to decreased perceptions of unfairness.
We found that group identification and perceived voice were more important predictors of anticipated effort (commitment to the class) than more objective indices of the assigned work (students' evaluations of satisfaction with and fairness of assigned work). This finding is consistent with past studies of both group value theory and social identity theory. Group value theory studies have shown that voice is psychologically rewarding, having positive effects on self-esteem and group pride, because it communicates to students that they are valued members of a group (Tyler, Degoey, & Smith, 1996) . Similarly, social identity theory studies have shown that equal status interactions that foster cooperative norms and encourage development of a sense of group identity are psychologically rewarding because these interactions provide individuals with self-validation and emotional support (Tajfel & Turner, 1986) .
Collectively, our findings substantiate many previous findings of positive effects of the jigsaw procedure (e.g., self-esteem and group identification; see Aronson & Bridgeman, 1979) . In addition, they extend the findings in this domain of research by showing the procedure leads to increased perceptions among students that they have a voice, their voice matters, their needs are important, and their instructor values them. These findings suggest, as a consequence, this technique is particularly well-suited for teaching research methods and statistics. Such positive perceptions of voice and value have the potential to decrease anxiety and apprehension, two of the most problematic challenges associated with teaching these classes. As noted earlier, concepts in research methods and statistics are less easily applied and less likely to be retained than concepts in other psychology courses. Jigsaw exercises like the ones described here allow students to use statistical concepts not just in formulaic ways, but in novel ways that increase their likelihood of retention and that clarify connections to related concepts. Additionally, jigsaw group assignments of the sort described in this paper provide students with opportunities to solve the kinds of statistics problems they are likely to encounter as psychologists. Finally, our jigsaw group assignments provide students with practical experience applying concepts, inasmuch as they allow students to collaborate in devising solutions to research problems in much the same way that members of psychological research laboratories collaborate to design studies, analyze data, and write papers. This study's value to the teaching of psychological statistics is that it allows us to understand further the process through which the jigsaw procedure works and it sheds light on the role of fairness and relational considerations in that process. We find support for theorizing by Aronson and colleagues that fairness is an essential component of the jigsaw procedure's effectiveness as a teaching tool. In order to more closely examine the impact of fairness on students' performance, future studies should systematically vary different aspects of fairness and examine their effects on performance. Additionally, future studies should compare the magnitude of students' performance improvement following jigsaw assignments to that obtained following traditional assignments, to further identify the specific role fairness plays in enhancing learning when different teaching methods are employed.
One notable limitation regarding the generalizability of the current findings is low statistical power due to small sample size (n =28). Our statistical power reached a maximum of 0.68, which is lower that the widely accepted convention of 0.80 (Cohen, 1992) . It is quite possible that the non-significant findings were observed because our study lacked enough statistical power to detect these effects. However, we are compelled by the statistically significant performance and satisfaction differences we did find because these effects fell within the moderate effects range (d ranged between .38 and .46), and thus, were large enough to be detected by our relatively small study sample.
Conclusion
This study's findings suggest that the jigsaw technique is well-suited for supplementing undergraduate psychological statistics lectures, because its inherent features related to fairness help mitigate some of the unique challenges (e.g., evocation of higher levels of anxiety and apprehension and great difficulties with retention and application than other psychological courses) associated with research methods and statistics. Future studies should examine whether or not students' fairness perceptions importantly affect their performance in other courses in the same manner that they affect students' performance in statistics courses. As Bass (1999) suggests, there is a great need to conduct research that incorporates theoretical insights to elucidate the teaching process and to identify those strategies that make learning more likely and more lasting. Such research would simultaneously advance knowledge within social psychology by addressing social psychological factors, such as fairness and group identity, which are theoretically important to understanding behavior. 
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